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We report on muon spin rotation/relaxation and 119Sn nuclear magnetic resonance (NMR) mea-
surements to study the microscopic superconducting and magnetic properties of the Heusler com-
pound with the highest superconducting transition temperature, YPd2Sn (Tc = 5.4 K). Measure-
ments in the vortex state provide the temperature dependence of the effective magnetic penetration
depth λ(T ) and the field dependence of the superconducting gap ∆(0). The results are consistent
with a very dirty s-wave BCS superconductor with a gap ∆(0) = 0.85(3) meV, λ(0) = 212(1) nm,
and a Ginzburg-Landau coherence length ξGL(0) ∼= 23 nm. In spite of its very dirty character, the
effective density of condensed charge carriers is high compared to the normal state. The µSR data in
a broad range of applied fields are well reproduced by taking into account a field-related reduction of
the effective superconducting gap. Zero-field µSR measurements, sensitive to the possible presence
of very small magnetic moments, do not show any indications of magnetism in this compound.
PACS numbers: 74.25.Dw, 74.25.Ha, 76.75.+i, 76.60.-k
I. INTRODUCTION
Heusler materials1 display a large variety of inter-
esting electronic properties such as different types of
magnetic order (ferro-, antiferro-, and ferrimagnetism),
heavy fermion behavior, half metallic ferromagnetism,
and superconductivity.2 Some materials of this class may
also exhibit properties typical of a topological insulator.3
Their electronic tunability and multifunctionality make
them attractive candidates for spintronics applications.
The so-called full Heusler compounds with the general
formula AT2M crystallize in the cubic L21 structure cor-
responding to four interpenetrating fcc sublattices. The
majority of these phases contain a main group element
(M), a transition element (T), and either a rare earth or
another transition element (A). Out of many hundreds of
Heusler compounds only less than 30 (with Pd, Ni, or Au
at the T site) are superconducting at ambient pressure.
Recent transport and thermodynamic studies have
identified strong electron-phonon coupling as the most
important factor leading to superconductivity in these
families.4 However, in contrast to the simple BCS the-
ory, no conventional dependence of Tc as a function of
the BCS parameters, such as N(0) or the Debye temper-
ature, was found.4 Among the superconducting Heusler
compounds, those based on Pd (APd2M) are of special
interest because they form the largest family. Here Tc
shows a pronounced dependence on N(0); an increase
by only ∼20% of N(0) more than doubles Tc, indicating
the importance of electronic instabilities. Like most of
the superconducting Heusler compounds, YPd2Sn has
27 valence electrons, implying a ratio of valence elec-
trons/atom close to 7 (as required by the Matthias rule5)
and exhibits the highest Tc among all known supercon-
ducting Heusler alloys.6 In similar Pd-based compounds,
the occurrence of superconductivity has been predicted
using electronic structure calculations and confirmed ex-
perimentally. Their band structures exhibit saddle points
at the L point close to the Fermi energy EF, resulting in
a high density of states (DOS) and leading to a so-called
Van Hove singularity in the energy-dispersion curve.7
Unlike conventional BCS superconductors, several Pd-
based compounds, such as YbPd2Sn
8 and ErPd2Sn,
9 dis-
play co-existing superconductivity and long-range anti-
ferromagnetic order. A clear and complete understanding
of the origin of superconductivity, magnetism, and espe-
cially of their coexistence or interplay in the full Heusler
compounds, is still missing. In YbPd2Sn, earlier µSR
and inelastic neutron scattering measurements indicated
an interplay between the superconducting state and mag-
netic correlations,10 with possible weak magnetic cou-
pling between the Pd and Yb-Sn sublattices.11 In YPd2-
Sn, earlier µSR data also showed an anomaly of possible
magnetic origin setting in at Tc.
12 For a non-magnetic
superconductor such as YPd2Sn the large variation of
Tc ’s reported in the literature is also striking. In this
respect it is of interest to characterize the magnetic and
superconducting properties of YPd2Sn at a microscopic
level and to clarify the role of Pd, which due to its large
Stoner factor is near to ferromagnetism.13
Here, we investigated the local superconducting and
magnetic properties of YPd2Sn by µSR and NMR tech-
niques, which are sensitive spin probes to weak mag-
netism of static or dynamic origin. In particular, we
studied the B-T phase diagram in the vortex state in
a magnetic field over a large range of fields to determine,
besides Hc2(T ), the characteristic length scales of the su-
perconductor, such as the effective magnetic penetration
2depth λ(T ) and the coherence lengths ξ0 and ξGL(0). The
temperature dependence of λ provides information about
the superconducting gap parameters and symmetry. To
search for evidence of possible weak magnetism in the
normal and superconducting state, some measurements
were performed in zero-field (ZF).
The paper is organized as follows: sample preparation
and experimental details are described in Sec. II. In Sec.
III we present results and details of the µSR and NMR
experiments in the vortex state and in ZF and discuss the
normal and superconducting state properties and param-
eters. Conclusions follow in Sec. IV.
II. SAMPLE PREPARATION AND
EXPERIMENTAL DETAILS
A polycrystalline sample of YPd2Sn was synthesized
by the arc melting of the respective amounts of the ele-
ments; 4% excess of tin was taken to compensate its loss
during melting. Afterwards the sample was sealed into
the evacuated quartz ampoule and annealed at 750◦C
for 180h. For the µSR measurements we used a sin-
gle, as-grown piece of about 4 × 3 × 2 mm3 in size. For
the NMR measurements the sample was powderized and
mixed with an inert oxide. AC magnetic susceptibility
(field-cooled and zero-field cooled) was measured with
a Quantum Design PPMS. Characterization by powder
x-ray diffraction at room temperature, with a D8 Ad-
vance Bruker AXS diffractometer using Cu Kα radiation
(λ = 0.1546 nm), and by neutron powder diffraction at
the SINQ spallation source of the Paul Scherrer Institute
using the high resolution diffractometer for thermal neu-
trons HRPT (at low temperatures) confirmed the good
single-phase quality of the sample and found lattice pa-
rameters consistent with literature. Figure 1 shows the
low-temperature magnetization under zero and applied
fields up to 0.5 T and the corresponding resistivity mea-
surements. From the magnetization curves M = M(T ),
we could determine the Bc2(T ) boundary, defined as the
magnetic field where the sample enters the normal state
(at a given temperature). In the resistivity curves we
used the temperature value where ρ has dropped to half
of its normal state value. In absence of an applied field,
we obtain Tc = 5.4 ± 0.05 K, consistent with the transi-
tion from the normal to the vortex state (T = 5.35 K),
as determined from µSR data extrapolated to zero field.
Finally, the value defined by the 50 % drop of ZF AC-
susceptibility is Tc = 5.2 K (with a 10–90 % width of
±0.25 K).
The µSR experiment was performed at the GPS spec-
trometer at the πM3 beam line of the SµS facility at
the Paul Scherrer Institute. This instrument covers tem-
peratures down to 1.6 K and fields up to 0.6 T. Low-
temperature measurements (down to 0.05 K) were car-
ried out at the LTF instrument at the same beam line. In
transverse-field (TF) experiments a field between 5 mT
and 0.5 T is applied above the Tc before gradually cool-
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FIG. 1. (Color online) (Top) Low-temperature AC magneti-
zation of YPd2Sn in different applied dc fields using a 0.01
mT Hac excitation at 1 kHz. (Bottom) Resistivity close to
Tc measured at different applied magnetic fields. The inset
shows the resistivity over the full temperature range measured
in zero field.
ing down to base temperature and acquiring the data,
thereby ensuring that the sample is in the vortex state.
In ZF experiments, the sample is cooled to 1.6 K and
the µSR spectra are collected upon warming up. The
stray fields at the sample position are compensated to
the µT level by means of active, three-component field
compensation, with the three pairs of correction coils be-
ing controlled by a flux-gate magnetometer. Forward and
backward positron detectors (relative to the ∼100% po-
larization of the incident muon beam) were used for the
detection of the µSR asymmetry time spectrum A(t),
which is proportional to the time evolution of the po-
larization of the muon ensemble stopped in the sample.
The nuclear magnetic resonance (NMR) technique pro-
vides complementary information to the interstitial-site
picture of µSR.19–21 All constituent elements of YPd2Sn
contain NMR-active nuclei: the spin-1/2 119Sn and 89Y,
and the spin-5/2 105Pd. While all of them can be used
in the normal state, only 119Sn is suitable for investi-
gations in the superconducting state of YPd2Sn. The
low value of the upper critical field µ0Hc2 ≃ 0.7 T and
the decrease of Tc with field pose stringent limits to the
highest field one can apply during temperature scans. By
setting, e.g., µ0Hext = 0.4 T one can access the super-
conducting state only below ∼ 3 K. At such low field the
Larmor frequencies of 89Y and 105Pd are both below 1
MHz, which makes them undetectable by standard NMR
techniques. As a result, for our NMR investigations of
the superconducting state, only the 119Sn nuclei can be
used.
3III. RESULTS AND DISCUSSION
A. TF-µSR spectra and NMR lineshapes
Muon spin rotation (µSR ) spectra in the vortex state
as a function of temperature were taken by field-cooling
the sample at different fields. Different models based
on the London or Ginzburg-Landau theory and empiri-
cal approximations using multiple Gaussian are available
to analyze the data and determine, from the inhomo-
geneous field distribution in the vortex state, the char-
acteristic length scales of type-II superconductors, such
as the magnetic penetration depth and the coherence
length.14,15 The limits of validity and reliability of these
approaches have been investigated in detail in Ref. [16].
In agreement with the latter, we find that the best fit
over the entire range of applied fields is obtained using
a multi-component Gaussian curve to represent the field
distribution. Correspondingly, after subtraction of the
background contribution, we fitted the time spectra with
following expression using the musrfit package:17
A(t) = e−
σ2nt
2
2
N∑
i=1
Aie
−σ2
i
t2
2 cos (γµBit+ ϕ). (1)
Here ϕ is the initial muon spin phase, while Ai, σi, and
Bi are the amplitude, relaxation rate and first moment of
the internal field of the i-th Gaussian component, respec-
tively. σn is a (small) contribution to the field distribu-
tion arising from the nuclear moments. It is independent
of temperature and was determined well above Tc.
The second moment of the multi-Gaussian internal
field distribution is then given by18:
〈∆B2〉 = σ
2
s
γ2µ
=
N∑
i=1
Ai
A1 +A2 + . . .+AN[
(
σi
γµ
)2 + (Bi − 〈B〉)2
]
, (2)
with
〈B〉 =
N∑
i=1
AiBi
A1 +A2 + . . .+AN
. (3)
The number of components N is increased until the χ2 of
the fit does not change significantly. Typically, we found
that N is between 1 (high-field data) and 3 (low-field
data).
Figure 2 shows the µSR spectra in a TF of 30 mT
above and below Tc, fitted with Eq. (1). The spectrum
at low temperature clearly shows a pronounced damping
reflecting the field inhomogeneity associated with the for-
mation of a flux-line lattice (FLL). The amplitude of this
signal reflects a full-volume superconducting fraction (a
background signal lower than 10% is due to muons miss-
ing the sample). Moreover, the non-Gaussian damping
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FIG. 2. (Color online) Asymmetry spectrum in a TF of 30
mT. Blue symbols (squares): normal state. Red symbols (cir-
cles): 2 K data (field cooled), showing the typical damping
resulting from the formation of a vortex lattice. Lines are fits
using Eq. (1).
indicates the formation of an asymmetric field distribu-
tion, typical of a regular flux-line lattice.
A similar procedure was employed in the NMR exper-
iments during the 119Sn lineshape measurements. The
lowest applied field was µ0Hext = 0.224 T, correspond-
ing to a 119Sn NMR frequency of 3.563 MHz. The NMR
spectra exhibit rather narrow Gaussian lines in the nor-
mal state. Upon cooling below Tc one notices a broaden-
ing of the lineshape as expected in a vortex solid. Figure
3 illustrates this by reporting the 119Sn NMR lineshapes,
taken at a field of 0.463 T, above and below Tc.
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FIG. 3. (Color online) 119Sn NMR lineshapes taken at 2.7
and at 8 K in µ0Hext = 0.463 T. Both lines peak at nearly
the same frequency, but the linewidth increases as the tem-
perature is decreased.
4B. Field distribution in the vortex state
Figure 4 shows the temperature dependence of the de-
polarization rate σ as obtained from µSR measurements
in different applied transverse fields.
Typically σ increases from σn in the normal state, to
σ =
√
σ2s + σ
2
n below Tc, reflecting the inhomogeneous
field distribution in the vortex state due to the decrease
of the effective magnetic penetration depth λ or, equiva-
lently, to the increase of the superfluid density ns when
entering the vortex state. Correspondingly, a gradual
increase of the NMR linewidth as the temperature de-
creases is observed. It is interesting to note that the
magnitude of the field broadening obtained by the two
techniques agrees fairly well. This can be seen in Fig. 4,
where the NMR line width is scaled to the muon data
by taking into account the different gyromagnetic ratios
γ119Sn/γµ = 0.1178. However, the NMR data seem to be
affected by additional broadening effects, probably due to
the proximity to the phase boundary. This reflects the
limitations of NMR with respect to µSR when studying
the vortex state of superconductors with low Bc2 values.
Figure 4 also shows that σs(T ) decreases as the field
increases toward Bc2. This reflects the narrowing of the
magnetic field distribution as the inter-vortex distance
decreases with field and the contribution of the vortex
cores, where the superconducting order parameter is sup-
pressed, increases.
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FIG. 4. (Color online) Temperature dependence of the muon
spin depolarization rate in the vortex state of YPd2Sn, mea-
sured after cooling in different applied fields. Also plotted are
the NMR linewidths measured at 0.463 T and converted into
equivalent µSR relaxation rates. The fit lines were obtained
using the procedure explained in the text. Inset: Tc and the
gap-to-Tc ratio R ≡ 2∆(0)/(kBTc) vs. the applied magnetic
field.
The effect of the vortex cores and the expected field de-
pendence of the second moment of field distribution have
been calculated using different models.22–24 One finds
that the standard deviation in an applied field can be
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FIG. 5. (Color online) Field dependence of σs measured at
T = 1.6 K. Fits correspond to the modified London model24
(solid line) and to the Ginzburg-Landau model22 (dashed
line).
written as σs(T, b) = σs,Lf(b), where
σs,L(T )[µs
−1] =
1.0728× 105
λ2(T )[nm2]
(4)
is the expression obtained in the London limit, with b ≡
〈B〉/Bc2. From a calculation based on the Ginzburg-
Landau model22 and one based on the London model
with a Gaussian cutoff (to take into account the finite
size of vortex cores),24 analytical forms of f(b) have been
calculated:
f(b) = 0.452(1− b)
[
1 + 1.21(1−
√
b)3
]
(GL model),
f(b) = 0.452(1− b)
√
1 + 3.9(1− b2) (London with cutoff).
These forms are similar and differ only in high-order cor-
rections to the linear field dependence.
It should be noted that the relevant parameter, which
determines the characteristics of the vortex state is not
µ0Hext, but rather 〈B〉, the average magnetic induction.
For µ0Hext ≫ Bc1 the magnetizationM is small, so that
one could safely use µ0Hext instead of 〈B〉. This does
not hold at low fields, where also the demagnetization
effects, which depend on the sample shape, play a role.
As a local probe technique, µSR provides the necessary
parameter 〈B〉, thus avoiding the need for corrections.
Figure 5 shows the field dependence of σs at 1.6 K. Both
models were fitted to the data with λ and Bc2 as free pa-
rameters. The equation based on the modified London
model seems to reproduce better the field dependence
of σs and Bc2 at 1.6 K (see Fig. 6, where we show the
Bc2 values as obtained from AC susceptibility, resistiv-
ity, and the temperature dependence of σs at different
applied fields). In the latter case we identify Bc2(T ) with
µ0Hext at the temperature where σs(T,Hext) = 0. The
data points obtained by different methods are in good
agreement and are well reproduced by the prediction of
the Werthamer-Helfand-Hohenberg (WHH)25 expression
for Bc2(T ). The WHH model contains two parameters:
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FIG. 6. (Color online) Temperature dependence of the upper
critical field of YPd2Sn as obtained from resistivity measure-
ments (triangles), µSR measurements of the temperature de-
pendence of σs (circles), and the complete disappearance of
the AC magnetization in field (diamonds) (see Fig. 1b). The
solid line is the prediction of the WHH model.
the Maki parameter α, which is a measure of the im-
portance of the Pauli paramagnetism, and λso, the spin-
orbit scattering constant. We have determined both pa-
rameters from our data: α = 0.084 and λso = 1.5 (see
Sec. III E). The low value of the Maki parameter im-
plies that the critical field due to Pauli paramagnetism
µ0HP = ∆(0)/(
√
2µB) ≃ 10 T, is much higher than
Bc2(0), so that superconductivity is only limited by or-
bital currents. Close to Tc the temperature dependence
of Bc2 is linear with a slope
dBc2
dT
= −0.16 T/K. Using
the well-known WHH formula Bc2(0) = −0.693Tc dBc2dT
one can estimate Bc2(0) = 0.6 T, which is very close to
0.57 T, the value extrapolated from our Bc2(T ) data.
The temperature dependence of the magnetic pen-
etration depth is a measure of the superfluid density
ns ∝ 1/λ2. In our case the µSR data can be well fit-
ted using the expression for a dirty superconductor with
a single s-wave gap:26
ns(T )
ns(0)
=
λ2(0)
λ2(T )
=
∆(T,B)
∆(0, B)
tanh
∆(T,B)
2kBT
, (5)
where ∆(T,B) is the BCS superconducting gap. The
dirty character of YPd2Sn is confirmed by our determi-
nation of the normal state and superconducting parame-
ters, as discussed in Sec. III E. A useful parametrization
of the BCS gap is given by Gross et al.27
∆(T,B) = ∆(0, B) tanh
[
πkBTc(B)
∆(0, B)
√
Tc(B)
T
− 1
]
.
(6)
A good global fit of the µSR data in Fig. 4 is ob-
tained by taking into account the effect of the applied
field on the critical temperature and the superconduct-
ing gap. Fields of magnitude not negligible with respect
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FIG. 7. (Color online) Temperature dependence of the ef-
fective magnetic penetration depth λ, fitted by assuming an
s-wave order parameter in the dirty limit.
to Bc2 act as pair breakers, smear out the sharp edges
of the spectroscopic gap leading to an effective reduc-
tion of ∆(0). To take this into account, we have fit-
ted our data allowing not only for a field dependent Tc,
but also for a field-dependent gap, ∆(0, B). The re-
sults of the fits are shown in Fig. 4 and its inset. In-
terestingly, the BCS ratio R ≡ 2∆(0)/(kBTc) appears
to a good approximation to be field-independent, with
a value at low field of 3.85(9). From the usual ap-
proximation Bc2(T ) = Bc2(0)(1 − ( TTc )2), one obtains
Tc(B) = Tc(0)
√
(1− B
Bc2(0)
. Therefore, a constant gap
to Tc ratio implies a field dependence of the gap ∆(T =
0, B) = ∆(T = 0, B = 0)
√
1− B
Bc2(0)
. Such a field de-
pendence is in agreement with the expected proportion-
ality between the BCS gap and the spatially averaged
Ginzburg-Landau order parameter and its field depen-
dence ∆(T = 0, B)2 ∝ 〈|ΨB(r)|2〉 = Ψ20(1− BBc2(0) ).
The temperature dependence of λ(T ) is shown in
Fig. 7, where we also plot the low-temperature data ob-
tained at 20 mT at the LTF instrument. The background
signal at the LTF instrument is significantly higher than
at the GPS instrument. Therefore the absolute value of
λ(T ) is more precisely determined from the GPS than
from the LTF data. For this reason we normalized the
data at the common point of 1.6 K. At low temperatures,
there is no pronounced temperature dependence, as ex-
pected for a fully gapped s-wave superconductor, where
∆λ(T ) = λ(T ) − λ(0) decays exponentially. From the
curve we extract a value λ(0)= 212(1) nm which, as ex-
pected for an s-wave superconductor, is found to be field
independent.
6C. NMR relaxation and shift
NMR spin-lattice relaxation-rate measurements are
sensitive to dynamic electronic state properties. In our
case we used a standard inversion-recovery technique re-
alized by means of a Hahn spin-echo sequence, with a
variable delay between the inversion pulse and the echo
detection. Given the low temperature range, the inver-
sion technique is preferred to the (faster) saturation re-
covery, since it involves a smaller number of RF pulses
and, hence, avoids sample heating. The results of T1
measurements for a selected number of temperatures are
shown in Fig. 8.
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FIG. 8. (Color online) Recovery of 119Sn longitudinal mag-
netization in YPd2Sn at selected temperatures. The full lines
refer to simple exponential fits of the spin-lattice relaxation
corresponding to the reported T1 values.
The magnetization recovery curves can be fitted using
a single-exponential model with increasing T1 as the tem-
perature decreases. The relaxation times are of the order
of tens of milliseconds, typical of the efficient electron
relaxation mechanisms of metallic compounds. Figure 9
plots the inverse of the T1T as a function of T . In the nor-
mal state we obtain a nearly temperature-independent
T1T product, corresponding to the Korringa prediction
of a linear temperature dependence of 1/T1 for electronic
relaxation processes.30 The steep decrease in 1/(T1T ) be-
low Tc (2.5 K at 0.463 T) reflects the decreasing num-
ber of electrons available for relaxation processes, due to
the formation of the singlet pairs in the superconducting
state and the opening of the relative gap.
Figure 10 shows the temperature dependence of the
first moment of the NMR resonance line. The line
position was calibrated via a secondary Al reference
sample.28 In the normal state we detect a Knight shift
K = 1000(50) ppm, to be compared with a shift of about
7000 ppm (isotropic part) measured in metallic tin.31
Between the normal and the superconducting state we
observe an additional diamagnetic shift of 163 ppm, in
agreement with the reduction of the spin susceptibility
for singlet-spin pairing. The exiguity of the shift can
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FIG. 9. (Color online) 119Sn spin-lattice relaxation rate di-
vided by temperature, 1/(T1T ), vs. temperature measured at
µ0Hext = 0.463 T. The product is mostly constant in the nor-
mal state, but it drops for T < 2.5 K, reflecting the onset of
superconductivity.
be explained by the relatively large spin-orbit coupling
which characterizes heavy atoms such as tin (Z = 50).
Indeed, in metallic Sn it has been found that spin-orbit
interaction destroys the spin as a good quantum number
and leads to a residual spin susceptibility at T = 0 which
is ∼ 80% that of the normal state susceptibility.19 In Y-
Pd2Sn we expect a similar effect. By using the electronic
parameters reported in Sec. III E we estimate a reduc-
tion of spin susceptibility in the superconducting state
χs/χn ≃ 1 − 2∆(0)τso/~ ≃ 0.75. At T = 2 K this may
lead to a ∼ 100 ppm drop of the normal-state Knight-
shift, in agreement with our observations.
The small shifts of the 119Sn and 89Y nuclei (K89 =
2000 ppm at room temperature)29 are consistent with
band structure calculations, which show that the conduc-
tion electrons at the Fermi energy EF are mainly com-
posed of 4d electrons derived from Pd atoms, indicating
that in YPd2Sn it is the Pd sublattice which is mainly
responsible for the superconductivity. The fact that 4d
and other bands cross the Fermi energy may also explain
why the value of 1/(T1TK
2) is higher than that expected
from the Korringa ratio for simple single-band systems
4πkBγ
2
Sn/(~γ
2
e).
D. Zero-field µSR
We investigated the magnetic response of YPd2Sn by
means of ZF-µSR. Elemental metallic palladium is on
the verge of FM,32 as shown by its large temperature-
dependent paramagnetic susceptibility and by the fact
that it sustains over-damped collective magnetic excita-
tions or paramagnons.33 The Fermi level of metallic Pd
lies just above a large peak of its DOS, at the top of the
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FIG. 10. (Color online) Temperature dependence of the first
moment of the 119Sn NMR resonance line.
d bands. In YPd2Sn the density of states at EF is very
close to that of elemental fcc Pd,4 which can be easily
tuned towards an itinerant ferromagnetic ground state
either by introducing dilute magnetic impurities or by
expanding its lattice. Several calculations have shown
that a volume increase by 20% of the fcc lattice or a
change of atomic coordination can lead to the formation
of magnetic moments of ∼ 0.2 µB.35,36 In YPd2Sn the
(cubic) Pd sublattice, which is responsible for the su-
perconductivity, is expanded with respect to elemental
Pd. Previous reports of weak magnetism in YPd2Sn,
12
as well as µSR and inelastic neutron scattering results in
the YbPd2Sn compound indicating a possible coupling of
the magnetic fluctuations with superconductivity11 are
intriguing. These results raise the question about the
role of Pd and the possible presence of a subtle interplay
between its nearly FM character and the superconduc-
tivity.
One of the most sensitive and direct ways of detect-
ing very weak magnetism is muon spin rotation in zero
field. Any sign of magnetism related to Pd, which may be
enhanced at Tc, due to electronic instabilities or to para-
magnons, should increase the muon spin relaxation rate.
We performed ZF-µSR measurements as a function of
temperature after carefully compensating the earth mag-
netic field. Several fit functions were used in search of
signatures of weak electronic moments. The µSR spec-
tra could be best fitted by the so called Kubo-Toyabe
function14 G(t) = 13 +(1−∆2t2)e−
∆
2t2
2 . The variance of
the corresponding Gaussian field distribution ∆2/γ2µ and
the static character shown by the decoupling behavior in
weak longitudinal fields are consistent with a muon spin
relaxation solely due to static nuclear moments. The
relaxation is nearly constant in the normal and super-
conducting state. These results exclude the presence of
static or dynamic electronic magnetism, which may be
associated with Pd or the superconducting state.
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FIG. 11. (Color online) Temperature dependence of the ZF-
µSR relaxation rate.
E. Normal and superconducting state parameters
From the data obtained so far we can estimate various
normal and superconducting state parameters of YPd2-
Sn. From the measured Bc2(0) we obtain the Ginzburg-
Landau coherence length ξGL =
√
Φ0
2piBc2
∼= 23 nm, where
Φ0 = 2.07×10−15 Tm2 is the quantum of magnetic flux.
With λ(0) = λGL = 212 nm this gives a Ginzburg-Landau
parameter for this type-II superconductor κ = ξGL
λGL
≈
9. Using the values λGL and µ0Hc2(0) the first critical
field is estimated from Bc1(T ) =
Φ0
4piλ2
GL
(lnκ + 0.5) to
be 9.9 mT, in excellent agreement with field-dependent
magnetization data M(H).4
From our measurement of ∆(0) we determine the BCS
coherence length ξ0 = ~
2(3π2ne)
1
3 /[m(1 + λep)π∆(0)]
(where λep = 0.7 is the electron-phonon coupling ob-
tained by solving the McMillan expression39 for λep with
our Tc = 5.4 K and a Debye temperature
4 ΘD = 210 K).
The electron density ne ≃ 3.3×1023 cm−3 was estimated
from calculations of the density of states.7 This value cor-
responds to estimates based on a free-electron model for
a system of 27 valence electrons, such as YPd2Sn,
4 and
provides ξ0 = 361 nm.
Similarly, using the value of the residual resistivity
above Tc (ρn = 9.2 mΩcm) we could estimate the mean
free path ℓ = ~(3π2)
1
3 /(n
2
3
e ρne
2) = 2.9 nm. It should be
noted that very similar values for ξGL, ξ0, and ℓ are ob-
tained using the expressions based on the evaluation of
the superconducting and normal state parameters from
the BCS-Gorkov equations reported in Ref. [41], where
these quantities are expressed in terms of Tc, ρn, the
Fermi surface S, and γn, the normal-state electronic spe-
cific heat coefficient.40 Moreover, the good agreement
of ξGL determined above with the value obtained from√
ξ0ℓ ≃ 32 nm, gives us further confidence about the
correct estimate of these parameters.
The low value of ℓ/ξ0 = 0.008 means that YPd2Sn
8is a superconductor in the very dirty limit, but remains
a good metal with kFℓ ≃ 60. From our determination
of λ, which represents the effective magnetic penetration
depth, we can estimate a maximum value of the super-
fluid density ns =
m(1+λep)
µ0e2λ2
≃ 1× 1023 cm−3, which, for
such a dirty superconductor, is surprisingly close to ne.
A striking aspect of YPd2Sn, in view of its character
of conventional s-wave superconductor, is the very large
variation of the values of Tc reported in the literature. A
study of phase equilibria and superconductivity in sys-
tems containing Pd, Sn, and Y has shown that a relative
variation of the nominal concentration of a few percent
leads to changes of Tc from 2.7 K to 5.5 K. A value of 5.4
K, as in our case (to be compared with the generally re-
ported value4 of 4.7 K), has been found for a composition
close to the ideal concentration ratio.37 The high Tc value
in our case is significant because, in contrast to resistive
transitions, which can reflect the presence of isolated su-
perconducting paths, it is also observed by the volume
sensitive µSR, indicating a full superconducting fraction.
It is remarkable that the reported variations of Tc within
different samples are even more pronounced than those
obtained with most of the magnetic rare earths (Y1−x-
RExPd2Sn) and only comparable with the substitution
of Y with Gd.38 A sensitive dependence of Tc on disorder
has been observed in similar Heusler compounds7 and
also band structure calculations show that already small
amounts of disorder may produce distinct changes in the
electronic structure and the related properties, reflecting
the presence of sharp features in the electronic density of
states. We recall that, due to the proximity of the atomic
numbers of palladium (46) and tin (50) and their simi-
lar nuclear scattering lengths, techniques such as X-ray
and neutron diffraction are fairly insensitive to disorder.
Therefore, partial disorder in the palladium and tin sites
is quite possible and may play a role beyond the Ander-
son theorem, making the significant scattering of critical
temperatures easily related to the very dirty character of
this superconductor.
IV. CONCLUSIONS
YPd2Sn is found to be a very dirty bulk superconduc-
tor with Tc = 5.4 K. µSR spectra in the vortex state can
be well fitted with a superconducting s-wave function
having a superconducting gap of 0.85(3) meV. We find
that the µSR data are consistently reproduced in a broad
range of applied fields with a field-dependent supercon-
ducting gap, which has a similar dependence on field as
the critical temperature. The ratio 2∆(0)/(kBTc) = 3.85
is consistent with the presence of an important electron-
phonon coupling in this compound. The effective mag-
netic penetration depth, as resulting from fits of µSR
data, is λ(0) = 212(1) nm. Although NMR on 119Sn ap-
pears of limited effectivity in determining the gap param-
eter in the superconducting state, it nonetheless detects
the spectral changes of the linewidth related to the pres-
ence of superconducting vortices, in good agreement with
the numerical values obtained from the µSR data anal-
ysis. The temperature dependence of the NMR Knight
shift and that of the relaxation rate 1/T1 both reflect the
opening of the superconducting gap. Despite the high
sensitivity of the ZF-µSR technique, we find no indica-
tions of static or dynamic magnetism associated with Pd
in this compound.
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